A survey conducted by the central iodinedeficiency disorders team in Himachal Pradesh, a state in the goiter-endemic belt of India, revealed that 10 of its 12 districts have an endemic prevalence of goiter. The survey was conducted to provide health program managers data to determine whether it would be necessary to initiate intervention measures.
Introduction
Himachal Pradesh, a state in the northwest region of India, is in the sub-Himalayan range. Iodine deficiency disorders (IDD) continue to cause adverse health consequences that affect economic productivity and socioeconomic development of populations. It is estimated that more than 200 million people live in IDD-endemic areas in India. Surveys conducted in 34 states and 4 union territories (i.e., an area under direct control of the central government of India) have revealed that out of 312 districts surveyed, 254 are IDD-endemic [1] .
Surveys conducted by the central IDD survey team of the Directorate General of Health Services, Government of India, have revealed that 10 out of 12 districts in Himachal Pradesh have an endemic prevalence of goiter-20.9% to 41.6% of the entire population [2] .
A survey conducted in 1956 reported a prevalence of goiter of 55% [3] . To ensure adequate availability and use of iodized salt, the government of Himachal Pradesh issued a ban on the sale of noniodized salt for human consumption in 1962 [4] . In 1973, a follow-up survey revealed that the salt iodization program had reduced the goiter prevalence to between 8.5% and 9.1% in the different regions of the state [3] . In the 1990s, an action plan for the prevention and control of IDD in the state was also introduced. It included state and district-level training of functionaries in various departments about the health consequences of IDD. Intensive information, education, and communica-Thirty years of a ban on the sale of noniodized salt: Impact on iodine nutrition in children in Himachal Pradesh, India 256 tion (IEC) material was provided by UNICEF to create demand and supply for iodized salt. A monitoring information system (MIS) was also developed to assess the quality and quantity of salt at different points of distribution and consumption. The present study was conducted in 2003 to assess the population levels of urinary iodine excretion (UIE) and levels of household salt iodization under the current iodization program after three decades of implementing a complete ban on the sale of noniodized salt in the state. The goal was to provide data on current iodine nutriture to the health program managers to initiate interventional measures required, if any.
Methods
The rapid survey was undertaken in 2003 in all 12 districts of Himachal Pradesh. The guidelines recommended by WHO/UNICEF/ICCIDD (World Health Organization/UNICEF/International Council for Control of Iodine Deficiency Disorders) for a rapid assessment of salt iodization in a district were adopted [5] . The total population of Himachal Pradesh is 6,077,248; children 11 to 18 years of age account for approximately 546,952 of the total number of residents. Assuming that 75% of the subjects would have adequate iodine nutrition, defined as UIE levels > 100 µg/L, at a confidence interval of 95%, relative precision of 15%, and with a design effect of 3, a sample size of 171 children was calculated for each district. The total sample size for the entire study was 2052.
A two-stage sampling methodology was adopted. In each district, all the blocks were enlisted and one block was selected using purposive sampling to keep the various constraints to data collection in mind (e.g., operational feasibility, mode of communication, and accessibility). In the selected block, all the senior secondary schools were enlisted and one school was selected using random sampling with the help of random number tables for the detailed study. Two hundred fifty students between the ages of 11 and 18 were included in the study and were briefed about the objectives of the study during at their morning assembly. Children attending senior secondary schools generally come from 20 to 25 villages within 10 to 15 km of the school, with about 8-10 children from each village. We enrolled more students in the target age group to ensure a sample yielding a wide range of iodine content in the salt samples. The Ethical Committee of the All-India Institute of Medical Sciences, New Delhi, approved this study. Written consent was obtained from the parents of the children included in the study.
A minimum of 170 children from each district were requested to provide "on the spot" urine samples. Plastic bottles with screw caps were used to collect the urine samples, which were stored in a refrigerator at the central laboratory, where a lab technician monitored the samples for purity until they were analyzed. UIE levels were analyzed using the wet digestion method [6] . An internal reference sample with a concentration range (± 2 SD of the known value) of iodine content was run with every batch of test samples. If the results of the internal quality control sample were within the range, then the test was deemed in control. If the results were outside the range, then the whole batch was repeated. Children were also provided with autoseal polyethylene pouches with an identification slip. They were asked to bring four teaspoons of salt (about 20 g) from their family kitchen. A minimum of 170 salt samples were collected from each district using uniform sampling for subject selection and collection of salt samples. The iodine content of salt samples was analyzed using the spot testing kit [7] [8] [9] . Table 1 shows the distribution of UIE levels by district in the sample children. We found that 0.2%, 1.0%, 6.7%, and 92.1% of the children had urinary excretion levels of < 20.0, 20.0-49.9, 50.0-99.9, and ≥ 100.0 µg/L, respectively. All districts had median UIE levels > 200 µg/L, indicating sufficient iodine nutriture in the population studied. This finding was further substantiated by the fact that in all the districts, more than 70% of the families were consuming iodized salt with more than 15 parts per million (ppm) iodine, the standard acceptable level for household consumption as mandated by the Indian Ministry of Health.
Results
A total of 2,553 salt samples were collected from 12 districts of Himachal Pradesh. The distribution of iodine content of salt by district is shown in table 2. Salt with no detectable iodine present was consumed by only 3.3% of the study participants. About 82% of the families were consuming salt with an iodine content of 15 ppm or more.
Discussion
The present study was a rapid assessment of iodine nutrition in Himachal Pradesh. According to WHO/ UNICEF/ICCIDD recommendations, a population in whom the median UIE is 100 µg/L, defined as more than 50% of the urine samples having UIE levels of 100 µg/L and more than 20% of the samples having levels of 50 µg/L, does not have iodine deficiency. In the present study, the median UIE was > 200 µg/L and only 1.2% of children had levels less than 50 µg/L. These findings indicate that there was no biochemical deficiency of iodine in the subjects studied. This evidence of adequate iodine nutrition could possibly be due to the continued efforts of ensuring a supply of iodized salt to the population in the state. The ban on the sale of noniodized salt is strictly enforced, and the quality of salt transported by railway is vigilantly monitored by the inspectors of the Salt Department of the Ministry of Health before it is loaded on the train. Adequate iodine nutriture has been reported by earlier studies conducted in different districts of Himachal Pradesh, with the median value of UIE at 150 µg/L (Kangra), 140 µg/L (Hamirpur), 195 µg/L (Kinnaur), and 150 µg/L (Solan) [10] [11] [12] [13] .
Only 3.3% of the salt samples had no detectable levels of iodine, indicating that nearly all the samples available to the study participants was iodized. Approximately 82% of the families were consuming salt with iodine content of 15 ppm or more. The National Family Health Survey (NFHS-2) conducted in 1998-1999 also revealed that almost 90.5% of the families in Himachal Pradesh were consuming salt with the required level of iodine [14] . Studies with larger sample sizes using the 30 cluster sampling methodology need to be conducted for the entire state of Himachal Pradesh.
The results of the present study highlight adequate iodine nutrition as measured by median UIE levels as well as the availability of salt with adequate iodine content to the population in the state. This positive impact may be due to the comprehensive strategy adopted by the state government to improve the quality of salt, development of an effective MIS system, and effective IEC activities. Impact of a thirty-year ban on the sale of noniodized salt in India
